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(57) ABSTRACT 

An apparatus and methods for sanitizing and cleaning ?l 
tration systems is provided. The apparatus includes a cham 
ber ?uidly connected to a source of ?uid for backWashing 
the system, and a heat exchanger for increasing the tem 
perature of the ?uid. A ?lter media is positioned Within the 
chamber. The method of sanitiZation involves backWashing 
the apparatus to remove debris, then continuing to circulate 
the backwash ?uid through the system While increasing the 
temperature of the ?uid, until the temperature of the Water 
and apparatus is suf?cient to deactivate microorganisms. 
The method may also involve increasing the disinfecting 
poWer of the ?uid by adjusting the pH of the ?uid. The 
apparatus may be provided With a scavenger to assist in the 
substantially complete removal of ?uid from the chamber 
during and after a steaming or cleaning process. The method 
may also involve reducing the pH of the feed Water during 
normal operation to convert monochloramines to dichloram 
ine and trichloramine in order to aid in the removal of 
chloramines from the feed Water. 
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APPARATUS AND METHOD FOR SANITIZING 
AND CLEANING A FILTER SYSTEM 

[0001] This application is a divisional of prior application 
Ser. No. 09/438,214, ?led Nov. 12, 1999, entitled APPA 
RATUS AND METHOD FOR SANITIZING AND 
CLEANING A FILTER SYSTEM, noW alloWed. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to an apparatus and 
method for sanitizing a ?lter system, and to methods for 
improving the quality of ?ltered Water. 

[0004] 2. Description of the Related Art 

[0005] Filtration systems are Widely used in many indus 
tries, including, for eXample, municipal Water systems, 
industrial Water systems, the beverage industry, and in 
pharmaceutical production. These systems are used to 
improve the quality of a ?uid, particularly Water, by remov 
ing undesirable contaminants such as pathogenic micro 
organisms, suspended solids, particulate matter, and dis 
solved chemicals. Dissolved and suspended chemical 
contaminants may enter the supply through a number of 
pathWays including pollution, natural processes, and saniti 
Zation processes. The concentration levels of these chemi 
cals may be limited by regulation or by end user require 
ments. 

[0006] Filtration systems generally utiliZe a ?lter media to 
separate substances from a fluid. Particulate bed, or particle 
bed ?ltration systems, involve using particulate matter as the 
?lter media. Particulate beds alloW a ?uid to pass through 
the bed While retaining suspended solids and substances 
dissolved in the ?uid. As material accumulates on the 
surface of the ?ltration media and in the interstices of the 
particulate bed, the ef?ciency of the bed decreases, evi 
denced by a decrease in ?ltrate How and an increased 
pressure drop across the bed. To return the system to a more 
ef?cient state, the bed may be replaced, but it is often more 
economical to clean the ?ltration media. 

[0007] One method of cleaning the ?ltration media is by 
backWashing. This procedure involves temporarily reversing 
the How of ?uid through the ?ltration media to dislodge 
contaminants that have accumulated in or that have adsorbed 
onto the bed. The backWash ?uid may be ?ltered or supply 
Water and, in some instances, detergents or other additives 
may be added to aid in dislodging contaminants. Generally, 
the backWash ?uid is discharged to Waste. In some indus 
tries, it is common for some ?lters, e.g. carbon toWer ?lters, 
to be backWashed on a regular basis. 

[0008] BackWashing is often useful in removing the bulk 
of any micro-organisms from the ?ltration system, but it 
does not sanitiZe the system. In addition, backWashing may 
introduce some previously retained micro-organisms into 
the ?ltrate. As a result, ?ltration systems may also require 
regular sanitiZation of the bed or other parts of the system. 
For instance, at least Weekly sanitiZation of carbon toWer 
?ltration systems is often recommended in the beverage 
industry. 
[0009] SanitiZation may be achieved through a variety of 
processes and agents including, for eXample, chlorine or 
steam. Such procedures are generally lengthy and require 
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careful monitoring. Typically, the ?ltration system is out of 
service While it is being sanitiZed, and the sanitiZing agent 
often must be purged from the system before the system can 
be brought back on line. 

[0010] Municipal Water treatment stations typically intro 
duce free chlorine through the use of chlorine gas according 
to the folloWing reactions: 

[0011] Chlorine is an effective sanitiZation agent for 
municipal Water supplies, but free chlorine tends to react 
With organic compounds in Water systems to produce, for 
eXample, tri-halo-methanes. The speciation of free chlorine 
is pH dependent. Therefore, free chlorine can eXist as either 
hypochlorous acid (HOCl) or hypochlorite ion (OCl‘) 
depending on the pH. Hypochlorous acid is much more 
effective in the destruction of bacteria than is the hypochlo 
rite ion. 

[0012] Chloramines are also frequently used as sanitiZing 
agents and are more stable in Water than conventional 
chlorine. “Chloramine,” as used herein, is a generic term 
describing the various reaction products of ammonia and 
chlorine. Chloramines may undesirably affect the character 
istics of the product Water and any process equipment in 
contact With the Water, such as, for eXample, reverse osmosis 
membranes. Therefore, many industrial users, such as pro 
ducers of pharmaceuticals and beverages, Would like to be 
able to remove sanitiZing agents such as chloramines before 
using the Water produced from the ?ltration system in 
production processes. Like free chlorine, the speciation of 
chloramines is pH dependent, With monochloramine pre 
dominating at about neutral pH. Chloramines are knoWn to 
be dif?cult to remove from Water, and industry professionals 
have struggled With various Ways to treat ?lter beds, par 
ticularly GAC, to provide for their more efficient removal. 
One Way that chloramines are currently removed involves 
adsorbing the chloramines onto carbon. Carbon, hoWever, 
has a loW af?nity for the predominant form of chloramine, 
monochloramine. Moreover, GAC beds require frequent 
replacement, and may promote the groWth of micro-organ 
isms in the system. 

[0013] Because unWanted chemicals and micro-organisms 
may be present anyWhere in a ?lter system, it may be 
desirable to sanitiZe and cleanse the entire system and not 
just the particulate bed. In such instances, steam is generally 
used, Which is more thorough than chemicals and backWash 
ing. Steam that is forced through a system Will contact many 
parts of the system. Therefore, steam is capable of sanitiZing 
and cleaning the eXposed components of ?lter systems, not 
just the ?lter media. HoWever, as steam condenses, the 
condensate may accumulate in pockets that are knoWn as 
“dead spots.” Thus, pockets of contaminated condensate and 
associated contaminants may remain in the system, free to 
re-contaminate the ?lter bed. 

[0014] All conventional methods of sanitiZing a ?ltration 
system suffer from inef?ciencies and/or limited effective 
ness. Conventional backWashing and sanitiZation generally 
require large amounts of Water and require that the system 
be off-line for signi?cant periods of time. Moreover, typical 
chemical sanitiZation agents are generally expensive and 
may be toXic. The use of steam to sanitiZe a system requires 
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signi?cant amounts of energy, Which may be expensive, and 
the process may not be totally effective. Therefore, it has 
been dif?cult to maintain a contaminant- and pathogen-free 
?lter system While minimizing Water use and system doWn 
time. 

[0015] Accordingly, a need exists for improved methods 
and apparatus for sanitiZation and cleaning of ?ltration 
systems. 

SUMMARY OF THE INVENTION 

[0016] Accordingly, in one embodiment, the present 
invention is directed to a method for sanitiZing a ?ltration 
apparatus. The method includes providing a ?ltration appa 
ratus having an inlet at a ?rst end, an outlet at a second end, 
and a ?ltration media positioned betWeen the outlet and the 
inlet. A ?uid at a temperature of at least 160° F. is alloWed 
to How through the apparatus in a direction opposite that of 
normal operational ?oW for a period of time suf?cient to 
reduce the viability of any micro-organisms contained in the 
apparatus. In one aspect, the method involves ?uidiZing a 
particulate bed While alloWing the ?uid to How through the 
apparatus. In another aspect, the method involves adjusting 
the pH of the ?uid. 

[0017] Another embodiment of the invention is directed to 
an apparatus for sanitiZing a ?ltration system. The apparatus 
includes an inlet that is in ?uid communication With a pump 
and may be coupled to a ?ltration system. The pump is in 
?uid communication With a heat exchanger and With an 
outlet that may be con?gured to be coupled to the ?ltration 
system. The system may also include an inductor and may 
be a mobile unit. 

[0018] In another embodiment, the invention is directed to 
a ?ltration system. The ?ltration system includes a chamber 
in ?uid communication With a ?rst port and second port, the 
?rst port including a conduit ?uidly connected to the cham 
ber. A ?lter is positioned in the chamber, and a scavenger is 
positioned in the conduit. The scavenger provides ?uid 
communication betWeen the chamber and the conduit at a 
bottom portion of the chamber. 

[0019] Another embodiment of the invention is directed to 
a method for providing a substantially chloramine-free aque 
ous ?ltrate. The method involves reducing the pH of an 
aqueous ?uid by, for example, adding carbon dioxide. The 
reduced pH aqueous ?uid is then ?ltered through a ?lter bed, 
providing a ?ltrate that contains lesser quantities of chloram 
ine. Speci?cally, the method may be used to convert a 
portion of the monochloramine contained in an aqueous 
?uid to dichloramine, the latter having a higher af?nity for 
the granular activated carbon (GAC) that may comprise the 
?lter bed. Such a method is capable of extending the useful 
life of the ?lter bed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] These and other features, aspects and advantages of 
the present invention Will become better understood With 
reference to the folloWing description, appended claims, and 
accompanying draWings Where: 

[0021] FIG. 1 is a schematic cross-sectional illustration of 
a ?ltration system according to the present invention; 

[0022] FIG. 2 is a schematic cross-sectional illustration of 
the ?ltration system of FIG. 1 during forWard operational 
?oW; 
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[0023] FIG. 3 is a schematic cross-sectional illustration of 
the ?ltration system of FIG. 1 during a backWash cycle; 

[0024] FIG. 3a is a schematic cross-sectioned illustration 
of the ?ltration system of FIG. 1 during a recycling phase; 

[0025] FIG. 4 is a schematic cross-sectional illustration of 
a portion of the ?ltration system shoWn in FIG. 1; 

[0026] 
tus; 

FIG. 5 is a schematic illustration of a test appara 

[0027] FIG. 6 is a graph comparing the effect of pH on 
chloramine removal; and 

[0028] FIG. 7 is a graph comparing the effect of pH on 
chloramine removal. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0029] The present invention is directed to an apparatus 
and methods for sanitiZing and cleaning a ?ltration system, 
to removing organics from the system, and to reducing the 
amount of chloramines in a ?ltrate. One aspect of the 
invention is directed to a method for backWashing and 
sanitiZing a ?ltration system by ?uidiZing a particulate bed 
With a ?uid at an elevated temperature. In another aspect, the 
invention is directed to an apparatus that reduces the amount 
of retained organic contaminants remaining in a steamed 
?ltration system. Another aspect of the invention is a Water 
treatment process that facilitates removal of chloramines 
from a Water supply and thereby extends the useful life of a 
?lter bed such as GAC. 

[0030] The methods and apparatus of the invention pro 
vide improved sanitiZation, as Well as reduced costs, shorter 
regeneration cycles, and a safer treated Water supply. The 
invention alloWs ?lters to be economically sanitiZed on a 
regular basis to reduce possible contamination from patho 
genic micro-organisms such as Giardia, Crypto sporia'ium, 
E. Coli, and the like. The invention may also provide for 
more complete removal of organic contaminants and may 
provide for increased ef?ciency in the removal of chloram 
ines from a ?ltrate. Extensive Water savings, an option for 
completely automatic operation, and the ability to remove 
precipitates and coatings from the ?ltration media are also 
possible. 
[0031] FIG. 1 is a schematic cross-sectional illustration of 
a ?ltration system 10 according to the present invention. In 
the present embodiment, system 10 includes a chamber 12, 
Which may be any siZe or shape including an upright toWer, 
as illustrated herein. The present embodiment also includes 
a recycling system 15 that may comprise a heat exchanger 
14, a pump 16 and an inductor 17 are ?uidly connected to 
the chamber 12 via system piping 20. System piping 20 is 
?uidly connected to chamber 12 via distribution outlets 26. 
The heat exchanger 14 may be any apparatus that serves to 
raise the temperature of a ?uid. A ?lter media 40 is posi 
tioned Within the chamber 12. Valve 28 is disposed betWeen 
chamber 12 and the recycling system 15 and is con?gured to 
regulate the How of ?uid into the recycling system. Valve 30 
is positioned betWeen the recycling system and system 
piping 20 and is con?gured to regulate the How of ?uid out 
of the recycling system into the chamber. The inductor 17, 
pump 16 and heat exchanger 14 may be placed in any order 
in the recycling system 15. In the illustrated embodiment the 
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pump is upstream of the heat exchanger Which is in turn 
upstream of the inductor. The recycling system may also 
include a polisher (not shoWn). In another embodiment, the 
recycling system is modular and may be disconnected and 
reconnected to various ?lter systems at different times. This 
alloWs one recycling system to be used With any number of 
?lter systems. In preferred embodiments, system 10 prefer 
ably includes a manifold 46 ?uidly connected to conduit 24. 
Manifold 46 preferably includes a plurality of distribution 
tubes 44, onto Which screens 42 are positioned. The inven 
tion is not dependent on the type of manifold or distribution 
system and may be practiced Without the manifold system. 
In most preferred embodiments, the entire system may be 
automated. 

[0032] The ?lter media may be any material that removes 
undesirable components from a ?uid or otherWise improves 
the quality of the ?uid. Suitable ?lter media materials 
include, but are not limited to, sand, glass beads, GAC, 
diatomaceous earth, other puri?ers, and the like. In a pre 
ferred embodiment, the ?lter media is GAC. Certain ?lter 
media may also change the properties of the ?ltrate. For 
example, GAC may remove halogenated compounds from 
Water, resulting in a ?ltrate that contains feWer suspended 
solids and feWer dissolved compounds than does the feed 
Water. 

[0033] FIG. 2 illustrates operation in forWard How of the 
?ltration system 10. Fluid How is provided in the directions 
of the arroWs illustrated in FIG. 2. The ?uid to be ?ltered is 
introduced into conduit 22 and ?oWs into chamber 12 via 
distribution outlets 26. The ?uid ?oWs doWnWardly through 
?lter 40 and upWardly through ?lter screens 42 into distri 
bution tubes 44. From there, the ?uid is gathered by mani 
fold 46, directed through conduit 24, and is discharged 
through valve 30 and conduit 36 for further treatment, 
storage, or use. 

[0034] When the ?ltration system requires cleaning or 
backWashing, Which may be indicated by an increased 
pressure drop, reduced ?ltrate volume, or may be required as 
part of regularly scheduled maintenance, the How of ?uid 
into conduit 22 is stopped. The direction of ?uid How is 
reversed from that of normal operation and is shoWn in FIG. 
3. Fluid is then introduced into chamber 12 through conduit 
36. The ?uid may be introduced into conduit 36 at any 
temperature. The ?uid is then passed upWardly through 
conduit 24, into manifold 46, through distribution tubes 44, 
and upWardly through the ?lter media 40, Where contami 
nants that have been trapped onto the bed are dislodged. The 
particulate bed may be retained in the chamber by its oWn 
Weight or, alternatively, may be retained by a physical 
barrier, such as a porous screen, positioned above the bed 
(not illustrated). At some later point in time, generally after 
the bulk of the loosened debris has been discharged from the 
system through external conduit 22, the recycling system is 
brought online by recon?guring valves 28 and 30 and 
activating pump 16 so that the ?uid is redirected through the 
recycling system 15 and ?oWs in a closed loop. In the 
embodiment shoWn in FIG. 3a, the ?uid in recycling system 
15 ?rst passes through pump 16, then through heat 
exchanger 14 Where the temperature of the ?uid is increased 
and ?nally comes in contact With inductor 17 before it exits 
through valve 30 and re-enters the ?lter system. Thus, the 
?uid travels in a closed loop With ?uid moving in a generally 
clockWise direction, as illustrated in FIG. 3a. It is preferred 
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that the recycling process start after as many of the sus 
pended solids and contaminants as possible are removed 
from the system While minimiZing the amount of Water that 
must be discharged to Waste in order to do so. 

[0035] During the period of recirculation, ?uid is continu 
ously cycled through the system While the temperature of the 
backWash ?uid is elevated by the heat exchanger 14 to a 
temperature at Which targeted micro-organisms are rendered 
deactivated. “Deactivated,” as used herein, means that the 
targeted micro-organisms are killed, or at least rendered 
incapable of reproduction, or no longer capable of posing a 
health haZard to animals or humans. In this manner, the 
temperature of the entire ?lter system gradually increases as 
the ?uid temperature increases. Once the ?uid and system 
have reached an adequate temperature, the heat exchanger 
14 is turned off and the How of ?uid through the system is 
stopped. An “adequate” disinfection temperature, as used 
herein, is that temperature at Which a substantial number of 
the targeted micro-organisms are stressed to the point Where 
they become deactivated. Targeted micro-organisms may be 
any micro-organism in the ?uid or in the ?ltration apparatus 
and include Giardia, Crypto sporia'ium and E. Coli. Prefer 
ably, at least about 90% of the organisms are deactivated. 
Most preferably, a temperature is attained that results in a 
Zero count of viable target organisms When the system is 
restarted in operational mode and a sample of effluent is 
analyZed. In the present embodiment, the temperature of the 
?uid is preferably elevated to at least about 160° F., more 
preferably to at least about 170° F., and most preferably to 
at least about 180° F. 

[0036] When the ?lter media 40 is a particulate bed, the 
How of the ?uid and the increasing temperature of the bed 
typically cause it to expand, as illustrated by the difference 
betWeen lines “b” and “c” in FIG. 3. This expansion may be 
controlled by adjusting the rate of ?uid ?oW, the rate of 
temperature increase, the viscosity of the ?uid, or the ?nal 
temperature. 

[0037] When the backWash and recirculation cycle is 
stopped, the system is also alloWed to cool and, if a 
particulate bed is used, the bed is alloWed to contract and 
re-settle. When the system is restarted in operational mode, 
the initial ?ltrate may be discharged to Waste until it is 
determined that the ?ltrate meets desired quality standards. 

[0038] One advantage of the present method is a signi? 
cantly reduced backWash cycle time, the ability to more 
frequently sanitiZe a ?ltration system and a minimiZation of 
doWntime associated With the sanitiZation procedure. It is 
preferred that the time required to perform the backWash 
cycle is minimiZed. The time required for the backWash is 
determined by several factors, including the amount of 
accumulated particulates on the ?lter bed and the composi 
tion of those particulates. Backwash cycle times may be 
minimiZed by, for example, maximiZing the backWash ?uid 
?oW rate and maximiZing the recycling ?uid temperature. 
The amount of Water used in the backWash sanitiZation 
procedure may be minimiZed by sWitching the How of ?uid 
to the closed-loop con?guration as soon as possible after the 
start of the procedure. In preferred embodiments, the time 
that the system is being backWashed to drain is less than 
about 15 minutes, Which is generally a suf?cient amount of 
time to remove accumulated or adsorbed particulates from 
the ?lter media. In particularly preferred embodiments, the 
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backwash to drain time is less than about 10 minutes, and 
most preferably less than about 5 minutes. 

[0039] The operation time in recycle mode is also deter 
mined by a variety of factors. As the system is generally used 
to deactivate microorganisms, some of the important factors 
are the temperature at Which targeted micro-organisms are 
deactivated, the capacity of the system, the heat transfer 
capability of the heat exchanger, the How rate and the pH of 
the ?uid. Preferably, the recycling step provides an adequate 
degree of deactivation in less than about 20 minutes and 
most preferably in less than about 15 minutes. 

[0040] Accordingly, one aspect of the invention is a 
method for sanitiZing a ?ltration apparatus With signi?cant 
time and Water savings in comparison to other sanitiZation 
techniques. An advantage of the present method is that 
sanitiZation may take place on a regular basis during a time 
period that conventionally Was used only to backWash the 
system of accumulated debris. Thus, all the advantages of 
backWashing and sanitiZing a system are realiZed With one 
procedure, and a more sterile ?lter system is obtained on a 
more frequent basis. 

[0041] Another aspect of the method to be used in con 
junction With a particulate bed ?lter 40 involves ?uidiZing 
the particulate media to dislodge and remove foreign mate 
rial. “FluidiZed,” as use herein, means that at least a portion 
of the particles of the particulate bed move in relation to 
each other or in relation to the chamber. Preferably, the 
backWash ?uid How is maximiZed to dislodge and remove as 
much foreign material as possible Without damaging the 
particulate media. For example, a backWash ?oW equal to 
about 10 gal/min/ft2 has been found to provide adequate 
?uidiZation of a GAC particulate bed. 

[0042] Another embodiment of the method of the present 
invention involves adjusting the pH of the backWash ?uid in 
conjunction With the previously described methods. Adjust 
ment of pH alloWs for effective sanitiZation With tempera 
tures loWer than What Would be effective Without a pH 
adjustment. Either loW pH or high pH may be effective in 
certain systems against certain microorganisms. The choice 
of using a higher or loWer pH is dependent upon several 
factors including the speci?c target organism, the materials 
of construction of the system, the cost of the reagents or 
process and the end use of the Water. Adjustment of pH is 
advantageously used to reduce costs associated With heating 
the backWash ?uid, or With systems that are vulnerable to 
relatively higher temperatures, such as, for example, those 
systems that include plastic parts. This aspect of the inven 
tion may be employed Whenever it is found preferable to 
using the higher end of the temperature range. In addition, 
operating at relatively loW pH ranges alloWs the use of loWer 
temperatures during the backWash cycle Without reducing 
the effectiveness of the sanitiZation. 

[0043] When adjusting to a pH that is beloW neutral, the 
target pH level is determined, in part, by the target organism 
and by the properties of the Water. For example, if the target 
is a bio?lm, a pH of about 6 and a ?uid temperature of 160° 
F. may be adequate to destroy the ?lm. Levels of less than 
a pH of about 6.0 may be necessary to deactivate target 
organisms such as Giardia and E. Coli. At even loWer pH 
levels, e.g., less than about 4.0, corrosion may become a 
concern With some systems, and care should be taken to 
analyZe the components of the ?lter system. 
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[0044] In the present embodiment, the pH of the ?uid may 
be adjusted in any manner, including the addition of acids, 
bases or buffers. In a preferred embodiment, carbon dioxide, 
Which forms an acid in solution, is used as an effective and 
inexpensive additive for adjusting the pH of the ?uid. In this 
embodiment, the carbon dioxide is introduced into the ?uid 
through an inductor, such as inductor 17. Preferably, the pH 
of the backWash ?uid may be controlled by monitoring the 
pH of the doWnstream ?uid With a pH sensor, Which is 
knoWn in the art, and is not illustrated herein. A pH sensor 
may provide feedback, for example, to the inductor for 
adjusting the introduction of carbon dioxide or other pH 
adjusting material. An additional feature of using carbon 
dioxide to loWer the pH of the ?uid is that it also serves to 
displace air from the Water, a feature that may be desirable, 
for example, in the beverage industry. 

[0045] Additional substances may also be added to the 
backWash ?uid to assist the conditioning or cleaning of the 
?lter system and the ?lter media, also preferably via an 
inductor. For example, mineral acids or carbon dioxide may 
be added to the backWash ?uid to aid in the removal of 
precipitated salts and organic matter. 

[0046] Another aspect of the invention is a method that 
provides substantially chloramine-free Water by improving 
the overall removal of chloramines from a Water supply. 
Chloramines include the reaction products of ammonia and 
chlorine, such as, but not limited to, mono-, di-, and 
trichloramine. The formation of each species is shoWn beloW 
in reactions (3), (4), and (5) respectively. In an aqueous 
solution, chloramines are formed by the reaction of 
hypochlorous acid and ammonia according to the folloWing 
equations: 

[0047] The speciation of chloramine in Water depends on 
the pH of the Water and the available free chlorine in the 
Water. For example, at a molar concentration ratio of less 
than 1:1 chlorinezammonia, and a pH of about 7.5 or greater, 
substantially all of the free chlorine is converted to 
monochloramine. At the same molar ratios of chlorine to 
ammonia, and slightly loWer pH values, the formation of 
dichloramine predominates. At the same molar ratios of 
chlorine to ammonia, and at pH values ranging from about 
4-4.5, the formation of nitrogen trichloride predominates. 
Like free chlorine, as the pH is reduced and monochloram 
ine forms dichloramine, the germicidal ef?ciency increases. 

[0048] Chloramines are relatively more stable and less 
reactive in Water systems than chlorine. Therefore, they are 
less likely to form toxic substances. HoWever, the relative 
stability and loWer reactivity of chloramines also makes 
their removal from Water much more dif?cult than the 
removal of free chlorine. Removal of free and combined 
chlorine can be accomplished in several Ways. Activated 
carbon treatment is one effective method. Free and com 
bined chlorine react on the surface of the carbon to create 
surface oxides and reduced chloride and nitrogen com 
pounds. Chloramine compounds tend to react much more 
sloWly With activated carbon than free chlorine. HoWever, 
loWering the pH and creating more dichloramine can speed 
the reaction. The chemistry of the reactions With activated 
carbon is shoWn beloW, Where C* is the activated carbon and 
CO* is a surface oxide: 
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[0049] Monochloramine: 

[0051] When surface oxides build up to a certain point, 
monochloramine can then be removed through a second 
reaction: 

[0052] The reaction products of dichloramine and acti 
vated carbon (inert N2) may be preferable to the reaction 
products of monochloramine and activated carbon (NH3, a 
bionutrient). Dichloramine reacts faster With carbon than 
does monochloramine. Practically, this means that at equiva 
lent molar concentrations, dichloramine Will be removed by 
a carbon bed of less depth than that Which Would be required 
for monochloramine. 

[0053] A variety of chloramines may be present in any 
treated Water supply. The most prevalent of these congeners 
are monochloramine, dichloramine, and trichloramine. Dif 
ferent ?lter media are capable of removing chloramines 
from Water With Widely varying ef?ciency depending on the 
eXact congener makeup of the chloramines. For example, 
dichloramine and trichloramine possess a greater af?nity for 
GAC than does monochloramine. In contrast to other meth 
ods that may struggle With Ways of removing monochloram 
ine from solution, the invention provides a technique of 
converting monochloramine, Which is highly soluble, to 
dichloramine and trichloramine, Which are much less 
soluble. The dichloramine and trichloramine are then rela 
tively easily removed from the Water by catalytic reaction 
onto the ?lter, preferably a GAC ?lter bed, resulting in a 
?ltrate from Which substantially all of the chloramines have 
been removed. “Substantially removed,” as used herein, 
means at least 50% of the chloramines have been removed. 
In preferred embodiments at least 90% of the chloramines 
have been removed. 

[0054] According to the present method, the pH of the 
Water is preferably adjusted doWnWardly before the Water is 
passed through the ?lter. Preferably, the pH of the feed is 
adjusted to less than 5.0; more preferably, to less than about 
4.0. As noted above, in general, more complete conversion 
of the monochloramine into the higher chloramines Will take 
place With decreasing pH. 

[0055] Thus, another aspect of the invention is a method 
for the improved removal of chloramines, Without treating 
the ?lter bed. Because the method involves the conversion 
of monochloramine to di- or trichloramine, the method 
provides more effective sanitiZation, less toXic reaction 
products, and easier removal. This aspect of the invention is 
particularly advantageous for use in the beverage industry, 
because it may be used With systems as they are currently 
con?gured Without the need to modify the GAC. 

[0056] Another aspect of the invention provides substan 
tially complete sanitiZation and improved removal of unde 
sirable organic compounds from a ?lter system by reducing 
or eliminating retained ?uid or condensate in the system. As 
shoWn in FIG. 1, in operation, When chamber 12 is alloWed 
to drain, the ?uid passes through the ?lter bed 40, through 
any one of a number of screened distributors 44, into 
manifold 46 and out of the chamber through conduit 24. 
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When the Water level in the chamber declines to the level 
indicated by line “a,” no more Water may leave the chamber, 
as the ?uid level is beloW that of the screened distributors 44. 
When steam is passed into chamber 12 either from above or 
through the manifold system 46 shoWn in FIG. 1, the steam 
permeates the system, deactivating pathogens and removing 
organic compounds. Any Water contained in the chamber 
beloW line “a” hoWever, prevents the entry of the steam into 
that section of the chamber, and pathogens or organics in 
that section may remain. Even if the Water can be completely 
drained prior to the steam sanitiZation procedure, the steam 
condensate quickly ?lls the same void With the same result. 

[0057] FIG. 4 is a schematic cross sectional vieW of a 
scavenging apparatus 60 that reduces or eliminates substan 
tially all of the dead spots in ?ltration system 10. Scavenger 
60 includes a plurality of apertures 66, and is positioned at 
a bottom portion of the chamber, preferably scavenger 60 is 
positioned in the loWest point in chamber 12, preferably at 
the bottom of Well 64. Scavenger 60 is adapted to provide 
?uid communication betWeen the interior of chamber 12 and 
conduit 20. Scavenger 60 may be any device, including, for 
eXample, a screen that alloWs passage of the ?uid contained 
in the chamber While preventing the passage of the ?lter 
media. For eXample, apertures 66 may be any shape or siZe, 
such as, for eXample, slots or holes in a conduit Wall, a sieve, 
a Wire mesh, or a semipermeable membrane. In a preferred 
embodiment, scavenger 60 includes a plurality of apertures 
66 that are siZed so that even partially eroded particles of the 
?lter bed 40 Will not become lodged therein. If there are 
additional conduits in the ?lter system, there may be addi 
tional loW points Which Will require additional scavengers. 
Preferably, scavenger 60 is con?gured so that it requires 
little or no maintenance. More preferably, the scavenger Will 
also be con?gured so that it does not clog and close-up after 
eXtended use. 

[0058] The scavenger is siZed to provide adequate How of 
condensate from the chamber during steam disinfection. 
Preferably, the scavenger is small enough so that only a 
small amount of How passes through the scavenger during 
forWard ?oW or backWash procedures. This provides for a 
majority of the How to pass through the manifold 46 and 
screened distributors 44. Moreover, scavenger 60 is prefer 
ably siZed to prevent passage of particles that make up the 
?lter bed. It is most preferable that the scavenger is siZed so 
that enough ?uid may drain through to prevent any build-up 
of condensate during steam cleaning. In one embodiment, 
scavenger 60 is con?gured so that it may be opened or 
closed. In another embodiment the scavenger is adjustable 
betWeen the opened and closed positions. 

[0059] By including scavenger 60 in the system as shoWn 
in FIG. 4, the Water level continues to drop beloW line “a” 
(also shoWn in FIG. 1) as the scavenger is situated in the 
bottom of Well 64, the loWest point in the chamber. The 
Water continues to drain until the entire chamber is essen 
tially free of standing Water or dead spots. When the 
chamber is alloWed to drain or When condensate forms in the 
chamber, drainage occurs through the scavenger, alloWing 
the chamber to drain more completely. By including scav 
enger 60, the condensate is alloWed to drain out of the 
chamber as it condenses. In this manner, organic contami 
nants are more completely removed from the system and the 
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risk of receiving a “slug” of organics upon system re-start is 
reduced. Likewise, the risk from microbiological contami 
nation is also decreased. 

[0060] In addition to providing improved cleaning and 
sanitiZation of the ?lter chamber 12, scavenger 60 may also 
provide more complete ?uidiZation, during the backWash 
cycle, of the particles held in the loWer part of the chamber. 
More complete ?uidiZation results in a more complete 
cleansing of the ?ltration bed particles, i.e., it helps remove 
more material that has been trapped or adsorbed by the ?lter. 
The greater the number of particles that are ?uidiZed and 
therefore alloWed to abrade against one another or other 
parts of the system, the greater the level of cleaning that is 
achieved. The use of the scavenger 60 may alloW for 
?uidiZation of ?ltration bed particles that otherWise Would 
not have been ?uidiZed. Thus, the scavenger may provide 
both improved abrasive cleaning of materials trapped by the 
?lter as Well as improved removal of adsorbed compounds 
during the steaming procedure. 

[0061] The invention may be further understood With 
reference to the folloWing examples. These examples are 
intended to serve as illustrations and not limitations of the 
present invention as de?ned in the claims herein. 

EXAMPLES 

[0062] Tests Were performed to evaluate the affect of pH 
on chloramine removal. A ?ltration apparatus 70 as illus 
trated in FIG. 5 Was used for the tests. The apparatus 
included four 1“ diameter ?ltration columns 72 arranged in 
parallel. Afeed Water tank 74 Was ?uidly connected to each 
of the columns. Asource of sodium hypochlorite and ammo 
nium chloride 76 Was ?uidly connected to the feed tank 74, 
for adding total, combined chloramines to the feed Water. A 
source of sodium hydroxide 78 Was ?uidly connected to the 
?rst column for increasing the pH of the feed Water. Asource 
of carbon dioxide 80 Was ?uidly connected to the second and 
third columns, for decreasing the pH of the feed Water. The 
fourth column Was used for control purposes. The ?ltration 
columns 72 Were ?lled With a ?ltration media 82 supported 
by support 84. 

[0063] The pH in the feed and product for each column 
Was measured periodically using a Myron-L pH meter. The 
total chlorine and free chlorine in the feed and product for 
each column Were measured periodically using DPD pho 
tometric method, DPD free and total chlorine test by 
reagents, on a Hach DR2000 spectrophotometer. 

Example I 

[0064] TWo of the ?ltration columns Were used to compare 
the affect of pH on chloramine removal. The columns Were 
?lled With 8“ of 12x40 mesh anthracite based GAC (avail 
able as AG502-AW from United States Filter Corporation, 
LoWell, Mass.). 
[0065] The raW Water Was continuously injected With a 
monochloramine solution to maintain a total chlorine feed 
concentration of about 1 ppm. The raW Water injected With 
chloramine Was used as the feed for tWo of the ?ltration 
columns. The pH of the feed, Which Was used as a control, 
Was about 7.3. The pH of the feed for the other column Was 
adjusted to about 5.3 by injecting carbon dioxide. The 
product How for both columns Was approximately 103 
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ml/min, Which is equivalent to a residence time of 1 minute 
and a super?cial velocity of 5 gpm/ft2. 

[0066] The results are shoWn in FIG. 6. C/CO is the ratio 
of the concentration of chlorine in the effluent to the con 
centration of chlorine in the feed Water. Using C/CO=0.05 as 
the breakthrough endpoint, and ignoring several spikes due 
to system upsets, the column With a feed pH of 7.3 broke 
through at about 30 hours, Whereas the column With a feed 
pH of 5.3 broke through at about 50 hours. The graphs shoW 
that the pH of the incoming Water has a signi?cant effect on 
the removal of chloramines. In the present example, reduc 
ing the pH of the feed to about 5.3 extended the bed life by 
over 50%. 

Example II 

[0067] Four of the ?ltration columns Were used to com 
pare the affect of pH on chloramine removal. The columns 
Were ?lled With 8“ of 12x40 mesh anthracite based GAC 
(available as AG502-AW from United States Filter Corpo 
ration, LoWell, Mass.). 
[0068] The raW Water Was continuously injected With a 
monochloramine solution to maintain a total chlorine feed 
concentration of about 2 ppm. The raW Water injected With 
chloramine Was used as the feed for each of the ?ltration 
columns. The pH of the feed Was about 7.3. The pH of the 
feed for three of the columns Was adjusted before introduc 
tion into the columns. The pH of the feed for the ?rst column 
Was increased to about 10.0 by injecting sodium hydroxide. 
The pH of the feed for the second column Was reduced to 
about 5.3, and for the third to about 4.6, by injecting carbon 
dioxide gas into the feed. The fourth column Was used as a 
control, With the feed Water having a pH of 7.3. The product 
How for each column Was approximately 83 ml/min, Which 
is equivalent to a residence time of 1.25 minute and a 
super?cial velocity of 4 gpm/ft2. 

[0069] The results are shoWn in FIG. 7. As in the previous 
example, the results shoW that the pH of the incoming Water 
has a signi?cant affect on the removal of chloramines. Using 
C/CO=0.05 as the endpoint, the columns With an in?uent pH 
of 4.6 and 5.3 broke through at about 120 hours; and the 
columns With in?uent pH of 10.0, and the control, broke 
through at about 80 hours. The pH reduction effectively 
extended the bed life by about 50%. 

[0070] The results shoW that pH reductions using CO2 
provided improved removal of chloramines, and increased 
?ltration bed life. 

[0071] Further modi?cations and equivalents of the inven 
tion herein disclosed Will occur to persons skilled in the art 
using no more than routine experimentation, and all such 
modi?cations and equivalents are believed to be Within the 
spirit and scope of the invention as de?ned by the folloWing 
claims. 

What is claimed is: 
1. A ?ltration system, comprising: 

a chamber in ?uid communication With a ?rst port and a 
second port, the ?rst port including a conduit ?uidly 
connected to the chamber; 

a ?lter positioned in the chamber; and 
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a scavenger positioned in the conduit, the scavenger 
providing ?uid communication betWeen the chamber 
and the conduit at a bottom portion of the chamber. 

2. The system of claim 1, Wherein the conduit further 
includes a distribution system having a plurality of aper 
tures. 

3. The system of claim 2, Wherein the ?lter is a particulate 
bed ?lter. 

4. The system of claim 3, Wherein the particulate ?lter bed 
includes GAC. 

5. The system of claim 4, Wherein the scavenger is 
constructed and arranged to include an open con?guration 
and a closed con?guration. 

6. The system of claim 5, Wherein the scavenger is 
constructed and arranged to be adjustable betWeen the open 
con?guration and the closed con?guration. 

7. An apparatus for sanitiZing a ?ltration system compris 
mg: 

an inlet adaptable to be ?uidly coupled to a ?ltration 
system; 

a pump in ?uid communication With the inlet; 

a heat exchanger in ?uid communication With the pump; 
and 

an outlet in ?uid communication With the heat exchanger, 
the outlet adaptable to be ?uidly coupled to the ?ltra 
tion system. 

8. The apparatus of claim 7 comprising an inductor. 
9. The apparatus of claim 7 comprising a polisher. 

Dec. 20, 2001 

10. The apparatus of claim 7 Wherein the pump is con 
?gured to pump a ?uid through a coupled ?ltration system 
in a direction opposite to that of the normal operational How 
of a ?uid through the ?ltration system. 

11. The apparatus of claim 10 Wherein the apparatus is 
coupled to a ?ltration system. 

12. The apparatus of claim 11 Wherein the ?ltration 
system comprises a particulate ?lter bed. 

13. The apparatus of claim 12 Wherein the particulate 
?lter bed is GAC. 

14. The apparatus of claim 7 Wherein the apparatus is 
capable of Withstanding temperatures of greater than about 
160° F. 

15. The apparatus of claim 14 Wherein the apparatus is 
capable of Withstanding temperatures of greater than about 
170° F. 

16. The apparatus of claim 15 Wherein the apparatus is 
capable of Withstanding temperatures of greater than about 
180° F. 

17. The apparatus of claim 11 Wherein the apparatus is 
capable of Withstanding temperatures of greater than about 
160° F. 

18. The apparatus of claim 17 Wherein the apparatus is 
capable of Withstanding temperatures of greater than about 
170° F. 

19. The apparatus of claim 18 Wherein the apparatus is 
capable of Withstanding temperatures of greater than about 
180° F. 


